ABSTRACT We prospectively recorded all in-hospital complications of the first 3500 consecutive patients to undergo elective coronary angioplasty (PTCA) at Emory University Hospitals from July 14, 1980, to August 28, 1984, by 
by means of a less invasive approach.9'-' The widespread use of PTCA has nonetheless been impaired by the incidence of short-term complications associated with the procedure. 12 3To date, assessment of complications has been based on reports of limited series '1'6 and data available from the NHLBI PTCA Registry. 2'1 The latter represents the pooled results of many centers performing PTCA on relatively small numbers of patients with what are now considered to be outdated techniques. In the last 4 years, technical advances22 -4 have occurred and physician experience has increased.2> ' 2 The Emory University experience comprises a large series of patients, which enables us to analyze the initial results obtained in over 3500 consecutive PTCA attempts to determine (1) the complication rates when PTCA is performed by three experienced operators at a single center using updated techniques and (2) the clinical, arteriographic, and technical factors that predispose to these complications.
Methods
Patients. From July 14, 1980 , through August 28, 1984 , a total of 3530 PTCA procedures were undertaken at Emory University Hospitals. During this 50 month interval, 30 procedures were done in the setting of an acute myocardial infarction defined as typical ischemic chest pain ('30 min) with associated electrocardiographic changes. These patients were excluded from the analysis. The remaining 3500 attempts form the basis for this study.
PTCA procedure. All procedures were performed by one of three independent operators. The technique used has been described elsewhere.27 With Seldinger's entry technique from the groin, arterial and venous sheaths with PTCA guiding and pacemaker catheters were inserted, followed by the administration of heparin (10,000 U iv bolus), nitroglycerin (0.4 mg sublingually), and nifedipine (10 mg sublingually). Heparin boluses (5000 U) were repeated hourly during the procedure. Preliminary angiography of the coronary artery to be dilated was performed in at least two projections with biplane angiographic equipment. The balloon catheter system was inserted and selective intracoronary nitroglycerin (200 ,ug) was given. The balloon was positioned across the stenosis, a pressure gradient was recorded, and the balloon was inflated as many times as needed to produce the optimal hemodynamic and angiographic result. At the end of the procedure, all catheters were removed and the sheaths were left in place. Sheaths PTCA attempts and 93.7% in repeat PTCA attempts performed for restenosis after a previously successful PTCA.
The primary success rate per patient was 90% for the entire study population. The primary success rate per patient in those patients with single-vessel disease was 92%, and that in patients with multivessel disease was 88%. To evaluate trends in the primary success rate over time, we arbitrarily divided the study population into three equal groups that embraced the time periods shown in figure 1. In the first period the primary success rate per patient was 87%. It rose to 92% and remained stable during the last 2334 attempts.
Complications. The distribution of in-hospital complications that occurred during or after attempted PTCA is shown in figure 2 . No complication occurred in 3114 (89%) attempts. Major complications occurred in 145 (4. 1%) patients and minor complications not associated with a major complication occurred in 241 (6.9%) patients (table 3) .
As illustrated in figure 3 , a total of 194 major complications occurred in 145 patients (4.1%). More than one major complication occurred in 45 patients who had emergency surgery and myocardial infarction and in two patients who had emergency surgery, myocardial infarction, and death.
The incidence of major complications during each of the three periods outlined previously is summarized in figure 4 . The major complication rate was highest Lesion % diameter stenosis >90 13 35 EUH = Emory University Hospital; NHLBI = National Heart, Lung, and Blood Institute PTCA Registry; MI = myocardial infarction; CHC = Canadian Heart Class; CAD = coronary artery disease.
ASame lesion site, initial PTCA successful. All emergency surgery procedures took place within 20 hr of the PTCA. The majority of emergency surgery patients (67/96, 70%) went directly from the catheterization suite to the operating room. There were 29 patients (30%) who initially left the catheterization laboratory in stable condition but subsequently developed evidence of acute coronary ischemia. Twentythree of these initially stable patients were transported directly to operating room from the ward or the coronary care unit. Emergency repeat PTCA was attempted in the remaining six patients, all of whom then went Predictors ofmajor complications. To determine the preprocedure predictors of a major complication in patients undergoing single-lesion PTCA, we analyzed the relatively homogeneous subgroup of 3099 patients who had PTCA at only one coronary site in the presence of either single-vessel or multivessel disease (table 5). In this subgroup there was a total of 128 patients who experienced at least one major complication (emergency surgery, 85; myocardial infarction without surgery, 41; death without emergency surgery, two). Patients were at a higher risk of developing a major complication if they had multivessel disease (6. 1 %) vs single-vessel disease (3.7%), an eccentric lesion (5.2%) vs a concentric lesion (3.5%), or calcification of the lesion (8.0%) vs no calcification (3.9%). There was a trend toward increased complications in women but this did not reach statistical significance.
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The strongest independent preprocedure predictor of a major complication by multivariate analysis was multivessel coronary disease (p = .0099) followed by lesion eccentricity (p -.0136), calcification of the lesion (p = .0197), female gender (p = .0298), and lesion length (p -.0706). However, only 64% of the patients were correctly classified. Unstable angina, duration of angina, lesion severity, previous CABG, and vein graft dilatation were not associated with an increased incidence of major complications. Inclusion of the smaller, heterogeneous subgroup of highly selected patients undergoing multiple-site PTCA in single-vessel or multivessel disease did not change the factors selected in the analysis.
The strongest predictor of a major complication by univariate (p < .0001) and multivariate analysis was the procedural appearance of an intimal dissection. An intimal dissection was evident in 894 patients (29%). Of these, 93 patients (10.4%) developed a major complication. Of the 2205 patients without an intimal dissection, only 35 (1.6%) developed a major complication. Angiographic evidence of intimal dissection at the time of PTCA resulted in a 6.5-fold increase in the risk of developing a major complication. The other relatively weak procedural predictor of a major complication was a pre-PTCA transstenotic gradient of 50 mm Hg or greater.
Minor complications. A total of 244 isolated minor complications occurred in 241 patients (6.9%) who did not experience a major complication (table 3) . Closure of a sidebranch artery at the site of PTCA was recorded only when documented by angiography at the time of the procedure. Ventricular arrhythmia requiring cardioversion was statistically more frequent during RCA angioplasty (p < .001) and was successfully treated without sequelae in all patients in whom it occurred. New conduction defects (right bundle branch block, 20; first-degree atrioventricular block, six; left bundle branch block, two; Wenckebach block, one; seconddegree atrioventricular block, one; sinus bradycardia requiring temporary pacer, one) resolved before discharge in all but one patient. Emergency repeat catheterization for unstable chest pain with or without electrocardiographic evidence of ischemia revealed a patent PTCA artery site in nine patients, restenosis followed by a successful emergency repeat PTCA in 14, restenosis successfully treated with intracoronary nitroglycerin in three, and restenosis with good collateral perfusion treated with elective surgery in one. Surgical exploration to repair a pseudoaneurysm or persistent hemorrhage at the femoral puncture was required in 17 women and eight men. New-onset atrial fibrillation or flutter requiring medical therapy returned to normal sinus rhythm in all but one patient. 
Discussion
The efficacy of any therapeutic procedure depends on its risk-benefit ratio. When this is applied to management of single-vessel coronary disease by PTCA the question of short-term complications assumes particular importance. The natural history of patients with single-vessel disease has been well described.3' In a recent report,3' the 5 year survival in potential ideal candidates for PTCA with single vessel disease treated medically was 97%. If PTCA is to be offered to improve functional capacity in these patients, the risks of the procedure must be comparable to the most favorable surgical results available in similar groups.
In this consecutive series of 3500 patients undergoing elective PTCA, the mortality rate of 0. 1% is better than reported surgical results7' 35 and the 0. It is more difficult to find a surgical series of similar patients suitable for comparison. The overall mortality figures from the five centers with the best surgical results in the Coronary Artery Surgery Study ranged from 0.3% to 1% .6 For patients with single-vessel disease the overall mortality was 1.4%, and for patients with ejection fractions of 50% or greater the mortality was 1.9%.6 In our series, 19% of the patients had multivessel disease, 28% had a history of myocardial infarction, and 50% had a recent history of unstable symptoms. This last descriptor may have placed our patients at a higher risk, since patients with class III to IV symptoms were not randomized in the CASS study. These differences not withstanding, the mortality data for PTCA in our series (0. 1 %) appears to be better than one might have expected for CABG.
In an attempt to improve patient selection for PTCA and to identify high-risk patients, a univariate and multivariate analysis was performed on 20 clinical and angiographic potential predictors of a major complication. Five significant risk factors were identified: multivessel coronary artery disease, eccentric lesions, lesion calcification, female gender, and lesion length.
The only baseline clinical characteristic that was an independent predictor of a major complication was female gender. There were no baseline clinical characteristics identified as predictors of mortality in our series. This is in contrast to the NHLBI Registry data in which five clinical predictors of mortality were identified (female gender, age >60 yr, prior CABG, angina >6 months, and vein graft PTCA).20 In particular, CIRCULATION Cowley et al. 42 showed that women had a sixfold higher PTCA-related mortality and a fivefold higher mortality with emergency surgery. In our series, the female mortality was increased (0.26% vs 0.073%) but this did not reach statistical significance because of the small number of deaths.
The angiographic predictors of a major complication were related to lesion morphology, and this is in agreement with data from the NHLBI Registry.'9 21 However, the importance of multivessel disease as an independent risk factor has not previously been reported. The critical link between the morphologic extent of atherosclerosis and development of a major complication appears to be the appearance of angiographically evident intimal dissection.'9 In our series, once this had occurred, 10% of the patients in this subgroup evolved a major complication. In the NHLBI series an intimal dissection was associated with a 30% incidence of major complications.'9 The apparent discrepancy between these results may be related to the coding of patients with intimal dissection, since the recorded incidence of dissection was almost threefold higher in our series than in the NHLBI series (30% vs 12.9%). In addition, intimal dissection in our series was significantly correlated only with female gender and increasing lesion length. In the NHLBI series intimal dissection was associated with female gender, RCA dilatation, multivessel disease, eccentric lesions, and nondiscrete lesions. '9 In conclusion, the NHLBI Registry provided valu- 
